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POSITION DETERMINING APPARATUS FOR COORDINATE POSITIONING 
MACHINE 

The present invention relates to an apparatus which 
5 enables a coordinate positioning machine (euch as a 
machine tool) to determine the position of an object 
relative to a reference point. It may, for example, be 
employed on a machine tool for tooleetting operations. 

10 A known tool setting device for use on a machine tool 
includes a light source which generates a fine beam of 
light which is incident upon a detector. During a 
toolsetting operation, the machine is operated to move 
the tool in a direction transverse to the direction of 

15 propagation of the light beam until a part of the tool 

interrupts passage of the light beam. Detection of this 
interruption results in the generation of a trigger 
= signal in tho detecting unit, whirh -IP ^rpH by the 



machine to establish the relative position of-, its moving 
2 0 parts in order to determine dimensions of the tool. Such 

devices are known, for example, from German Patent Nob . 

DE 42 385 04 and DE 42 448 69, French Patent No. 

2,34 3,555, European Patent No. 98,93 0 and US Patent No. 

4,518,257. The devices may be used additionally for 
2 5 measuring the length or diameter of a tool to monitor 

tool breakage or wear. 

The devices disclosed in the above-mentioned patent 
specifications use a narrow light beam into or through 
30 which the tool is passed. The detection units detect 
when the tool breaks into the beam from the resulting 
drop in the intensity of the light falling on them. 

The accuracy with which these devices can measure tool 
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position is dependent on the diameter of the laser beam, 
the smaller the diameter the more accurate the 
measurement . 

5 For example, French Patent No. 2,343,555 describes a 
system in which the laser produces a coherent beam the 
diameter of which is of the order of 0.7 to 0.8'mm. 
European Patent No. 98, 930 proposes the use of a laser 
light source because lasers supply a sharply focused 
10 light beam for high measurement accuracy. US Patent No. 
4,518,257 describes a system in which the laser beam is 
focused to a small examination zone at which all 
measurements are made. 

15 A problem with a focused system, as in US Patent No* 

4,518,257, is that the tool can only be measured in the 
small examination zone. Unfocused systems do not suffer 

-F-r-^Tn i-y>-i^ p-irrVKT j Kut- 4-^«=> b^^TTI T"""+- R T ^ 1 1 y 



aligned with an axis of travel of the machine tool to 

2 0 permit accurate measurements anywhere along the beam 

path. 

The present invention provides alternative devices which 
are suitable for- toolsetting on a machine tool (or other 
25 applications on other coordinate positioning machines) . 
The devices include a number of technical aspects in 
which they differ from the prior art devices discussed 
above and which enable various ones of the problems which 
arise with those prior art devices to be eliminated or 

3 0 reduced. 



According to a first aspect of the present invention a 
device which enables determination of position of an 
object on a coordinate positioning machine includes a 
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light emitting unit and a detecting unit, the light 
emitting unit having a housing within which the light 
source is situated, the housing having a relatively small 
aperture through which light from the light source 
5 passes, and which propagates towards the light detecting 
unit which in turn includes a housing having a relatively 
small aperture located in register with the light beam, 
and a light detecting device located substantially in 
register with the aperture thereby to detect the light 
10 beam propagating from the light emitting unit, wherein 

the light beam is uncoil imated and the detecting unit is 
arranged to emit a trigger signal when the light level it 
receives has fallen to one half of that which it receives 
when the beam is not occluded. 



15 



20 



The term "small" in this specification is to be 
understood to mean preferably of the order of 1mm or 
less. The smallest aperture envisaged is of the order of 
5 0 microns • 



Embodiments of the invention will now be described, by 
way of example, and with reference to the accompanying 
drawings, in which: 

Fig 1 is a perspective view of a first embodiment of 

2 5 the present invention; 

Fig 2 is a schematic illustration of aspects of the 
embodiment of Fig 1 ; 

Fig 3 is a block: diagram of part of the electronic 
circuitry of the detecting unit of Figs 1 and' 2; 

3 0 Figs 4a, 4b and 4c are diagrams showing steps in the 

set -tap procedure ; 

Fig 5 is a flow diagram illustrating the switch-on 
routines ; 

Fig 6 is an illustration of the noise on the output 
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of the detector, and 

Fig 7 is a circuit diagram for a further embodiment 
of the invention. 

5 Referring now to Fig 1, a tool setting apparatus which is 
suitable for use on, for example, a machine tool includes 
a light emitting unit 10 which emits a beam 12 of light, 
and a light detecting unit 14, where the light beam 12 is 
detected. Power and signal control cables to the light 

10 emitting and detecting unitB 10,14 are routed via inlet 
ports 16, and both the units 10,14 are advantageously 
mounted, via pillars 18, on the base of the machine, 
either via an intermediate base 20, to which they are 
both mounted, or directly to the base of the machine upon 

15 which they are to be employed. 



In operation, the device is used for toolsetting by 
operating the machine on which the device is mounted to 
move the tool in a direction transverse to the direction 

20 in which the beam 12 is propagating. When a 

predetermined level of occlusion of the beam has been 
established, the detecting unit 14 emits a .trigger signal 
which is used by the machine to determine the relative 
position of its relatively movable parts, thereby to 

2 5 enable dimensions of the tool to be determined. 



Referring now additionally to Fig 2, the light emitting 
unit 10 comprises a laser diode 3 0 which generates a wide 
angle beam 12 . The beam 12 passes first through an 
3 0 aperture provided in a screen 32 to ensure that output 
power does not exceed safety levels. Subsequently the 
beam passes through a lens 3 3 and then through an angled 
pinhole aperture 34 in the housing of the unit 1.0 . The 
lens reduces the divergence of the beam 12 but the beam 
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5 

is deliberately not collimated and continues -to diverge. 

The casing of the light detecting unit 14 likewise 
includes an angled aperture 41 in register with which is 
a pinhole aperture 4 2 formed in a screen 43 ^nd a 
translucent window 44 ahead of a photodiode detector 40. 

By the time the beam 12 has propagated from the light 
emitting unit 10, and is incident upon the window 44 f the 
spot created by its incidence is substantially larger 
than the aperture within the screen 4 2 . Typically, over 
a distance of one metre between the light emitting unit 
10 and the light detecting unit 14 , the beam diameter 
will be of the order of 4mm # whereas the aperture within 
the screen 42 will be of the order of 200 microns. 

Referring now to Fig 3, the output of the photodetecting 
Hin^P 4 0 la paaaed to a variable g ain amplifier 50 the 
output of which drives a display of five bar code LEDs 4 8 
20 (see Fig l) , 

The threshold level of the detector is set by a threshold 
detector 52 to provide a trigger signal when the 
intensity of the light falling on it drops to fifty 
25 percent of the unobstructed light level. This and the 

use of the pinhole at the emitter and detector units has 
the advantage that tool measurements can be taken 
anywhere along the beam even though the beam expands. 

3 0 The maximum and threshold intensity levels are obtained 
during a set-up routine as follows: 

When the laser is switched on its output rises to a 
maximum level at which it is stabilised by a high speed 
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control system. The laser beam is then aligned with the 
detector unit, and the bar code LED display provides an 
indication as to when proper alignment is achieved as 
described below with reference to Figs 4a, 4b and 4c. 



10 



15 



The bar code LEDs axe preferably tri -colour LEDs which 
are arranged, for example , to register all red at low 
amplifier output and all green when the amplifier output 
is maximum. 

The gain of the amplifier is set to maximum. As the 
light falling on the photodiode 40 increases as shown in 
Fig 4a, its amplified output increases linearly, 
sequentially illuminating the bar code LEDs . When the 
amplifier voltage exceeds ninety-five percent of its 
maximum range, and all of the green LEDs are .lit, the 
gain of the amplifier is reduced (see Fig 4b) This 

reduces the number of green LEDs that are illuminated 

(see Fig 4c) , and allows the amplifier to receive a 
20 greater signal level. As the alignment process continues 
and all of the green LEDs are lit again, this time at a 
higher maximum signal, the gain is once again- reduced . 
The process continues reaching higher and higher signal 
maxima until proper alignment is achieved. 

25 

Once the correct alignment has been achieved and thus the 
maximum light level established, the light level is 
measured a plurality of times and the measurements 
averaged to provide a repeatable level. The dark level, 
3 0 i.e. the output of the detector when no laser light is 
incident upon it is also measured in order to set the 
fifty percent threshold level required for the trigger 
signal. Using the fifty percent level as the trigger 
threshold ensures an accurate and repeatable * trigger 



f 
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position regardless of the direction from which the tool 
enters the beam. 



Because the accuracy of the trigger Bignal depends on the 
5 accuracy with which the fifty percent light level is 
measured, if the beam is blocked when the device is 
switched on, it automatically defaults into set up mode. 
Otherwise, if the beam is not blocked when the device is 
switched on, the routine for measuring the maximum light 
10 levels and the dark level is enabled so that an accurate 
50% level is established each time the. device is switched 
on. Fig 5 illustrates this routine. 

If desired, the maximum light level and the dark level 
15 can be updated at intervals so that the fifty percent 
trigger level can be continuously updated. " 

Although the laser is driven at a constant light level, 
the intensity of light reaching the detector is variable 

2 0 for a variety of reasons, for example, relative movement 
between the screen 42 and the detector .40, atmospheric 
variations, or laser mode hopping. Thus the amplifier is 
provided with automatic gain control 54 to ensure that 
the resulting output provides the maximum signal to noise 

25 ratio. 

It is also possible that the intensity of the. light beam 
varies across its width and a further advantage of using 
the 2 00/zm pinholes is that any variation in the intensity 
30 of light falling on the detector due to this cause is 

confined to the variation across the centre 2 00/im of the 
beam. 



Further refinements may be added to the electronics. For 
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example coolant droplets could cause reductions of 
intensity in addition to that produced by obscuration of 
the beam due to the tool, and thus and give a false 
trigger signal. Since signal spikes due to this cause 
5 are of short duration, the electronic circuit may include 
a timer which is re-set at the leading edge of each 
signal and if the signal is still there after a pre-set 
interval, for example, 5 milliseconds, it: is assumed to 
be a genuine signal. 



Also noise on the output of the photodiode could give 
rise to early triggering as the tool enters the beam as 
explained below. 

15 Referring to Fig 6 it can be seen that if a noise spike 
reduces the apparent intensity adjacent the threshold 
level by an amount A, this gives rise to an error (e) in 

. trigger position. Errors due to this cause can be 

eliminated if the noise intensity bandwidth is monitored, 

2 0 and a value of half of the bandwidth is applied to output 
signal to lower the threshold level. A similar problem 
arises if the increasing intensity as the tool leaves the 
beam is used to obtain a second trigger signal, and a 
similar solution is applied to avoid this error. 

25 

Further, since the LEDs of the bar code array consume 
significant power, and thus heat up the detector array 
and cause errors, the electronic circuit may include a 
timer 5 6 which is arranged to pulse the power to the LEDs 
30 at a pre-selected mark-space ratio, so that they are 
switched on and off sufficiently rapidly to give good 
visibility with no flicker whilst ensuring that they are 
switched off for- a significant part of- the time. 



10 
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9 

Finally a high speed tool breakage detection system has 
been included . 



10 



When a tool is being replaced in its tool holder it is 
passed through the beam. The machine controller often 
does not have the ability to constantly monitor all of 
the inputs it receives . The electronic circuit of the 
tool setter therefore includes a latch mode which is 
selected for tool breakage monitoring. In this mode the 
trigger signal produced by the tool breaking the beam is 
latched so that the signal can be detected during the 
next monitoring cycle performed by the controller. 



In a further novel refinement an electronic fuse is 
15 incorporated which provides protection for the interface 
against the outputs being wired up incorrectly, or any 
other cause of excessive current passing through the 
device > This is illustrated in Fig 7 to which reference 
is now directed. 

The device is controlled by two microprocessors A and B. 
When there is no signal generated from the device, 
microprocessor A received 0 (zero) volte, so that 
transistor T3 remains off and no current flows through 
resistors R2 and R3 . Because of this, transistor T2 does 
not switch on and output C remains low. 




When a voltage for example more than 2 volts is applied 
to A, transistor T3 switched on. Thus current flows 
30 through resistors R2 and R3 , supplying current to 

transistor T2 which switches on and allows current to 
flow through resistor R4 and the Zener diode Dl so that 
the output C goes high. 
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The sensor circuit comprises transistor Tl arid the 
microprocessor B. In the normal current state, for 
example, the voltage across R4 due to the current flow is 
less than 0.6 volts, transistor Tl does not switch on, no 
5 current flows through resistor Rl and the output to 
microproceaaor B is low . 

When excessive current is produced in the circuit for any 
reason, so that the voltage across resistor R4 is greater 
10 than 0.6 volts, transistor Tl switches on, current flows 
through resistor Rl and the output to microprocessor B 
goes high . 

This output is monitored by the microprocessor, which can 
15 be programmed to operate immediately and reduce the 

output of microprocessor A to a low value, giving a fast 

response fuse. Alternatively the microprocessor B can be 
programmed to provide a delay to accommodate .quick 

current surges which are not critical. 

20 

This type of fuse can be used, for example, to give a 
time delay characteristic during start up when current 
surges in the component are to be expected but to switch 
to fast blow when the circuit is stabilised. 

25 

As an alternative to using microprocessors, a mono-stable 
or a set/re-set latch. 

The present invention has been described and illustrated 
30 using a laser diode as a light source from which the 
light: beam 12 is created. However, other forms of 
electromagnetic radiation may be employed, and a light 
emitting diode or an incandescent light source' may be 
used to create the beam 12 with the proviso that a 
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sufficiently high luminosity may be obtained from the 
possibly divergent beam at the detecting unit 14. 
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